We present a genome-wide comparative and comprehensive analysis of three different 
Introduction 34
Next-generation sequencing (NGS) has rapidly transformed entire areas of basic research and 35 therapeutic applications by making large scale genomic studies feasible through reduced cost and 36 faster turnaround time [1, 2] . NGS has been extensively used to study clonal (high-frequency) 37 mutations, but not subclonal (low-frequency) mutations. A major impediment in investigating 38 subclonal (low-frequency) mutations is that conventional NGS methods have high error rates (10 -2 to 39 10 -3 ), which obscure true mutations that occur less frequently than errors [3, 4] . These subclonal 40 mutations may account for the genetic heterogeneity of tumors and tumor recurrence, as well as 41 provide a reservoir for the rapid development of resistance to chemotherapy [5] .
42
Conventional sequencing technologies sequence only a single strand of DNA. In contrast, 
49
While overall frequencies and types of mutations from NGS, SSCS, and Duplex Sequencing 50 have been compared in previous studies [5, 10] , those studies focused on detection limits of 51 low-frequency mutations only and did not compare the sequencing methods' ability to detect 52 high-frequency mutations. In addition, influences of neighboring nucleotide base context on 53 mutations (mutation context spectra) have not been investigated.
54
In the current study, we systematically compared mutation frequencies, types, positions, and 
Results

66
Duplex Sequencing generates both SSCS and DCS analysis results. In Duplex Sequencing, both 67 strands of DNA are individually tagged and strands with identical tag sequence, the product of the Table S1 and Table S2 . The highest depths of 78 NGS, SSCS and DCS that were processed under the same data processing conditions were 458441, 79 40421 and 6803, respectively (Table S1 ).
80
As an attempt to overcome the high error rates of NGS, more conservative bioinformatical For this study, we have defined homoplasmic (90-100%: Figures 1,2 ,S1,S2, than that of NGS (Q30 r ) (7.00x10 -4 ) ( Figure 3A , Table S1 ). This indicates that Duplex Sequencing 
Duplex Sequencing Identifies and Corrects the Heat-Induced Artifactual Mutations Introduced During
166
DNA Sample Preparation
167
We investigated which specific types of artifactual mutations are introduced during DNA The rare mutation frequencies of SSCS are significantly higher than those of DCS ( Figure 5A ).
179
This higher SSCS mutation frequency could be due to heat-induced DNA damage and/or errors 
Duplex Sequencing Identifies the Specific Mutation Spectra of Heat-Induced Artifacts
195
We further examined which specific mutation type(s) contributed to the elevated SSCS rare Table S6 ). The percentages of artifactual mutations found on coding regions and 13 protein-coding 241 regions of mtDNA closely match the percentages these two regions occupy in the whole mtDNA, 
248
Among the 13 genes, MT-CO2 is slightly more mutated at 23.39% and MT-ND3 is mutated the least 249 at 13.01% (Table S7 ). The majority (11 out of 13) of these genes are mutated at similar mutation 250 occurrences (average 20%), which is consistent with the finding that artifactual mutations occur 251 stochastically. have not been investigated. To our knowledge, this is the first study to present the exact identities of 274 the heat-induced artifactual mutations and the specific nucleotide context spectra for these artifacts.
275
Our data show that rare mutation frequencies are significantly lower in DCS analysis in To our knowledge, this study is the first to examine mutation context spectra of heat-induced 307 artifactual mutations in the whole mitochondrial DNA of human breast epithelial cells. Our SSCS
308
analysis results showed that out of 96 possible mutation sequence contexts, the fraction of 28 rare 309 mutation sequence contexts were significantly changed after the 65C incubation ( Figure 6B -C, 310 (Experiments #3 and #4 in Figure 1 through Figure 4) 
Statistical Analysis
